sweating or muscle tension) and bodily activity (involuntary reflexes, purposeful action and facial expressions of pain). Pain facial expressions have been found to be highly recognizable and distinguishable from other types of emotional expressions, such as anger or disgust, and are particularly salient in communicating pain to others (Kunz, Peter, Huster, & Lautenbacher, 2013; Simon, Craig, Gosselin, Belin, & Rainville, 2008) . Specifically, studies have shown that estimation of pain through facial expressions can be considered a reliable source of information when other sources are inaccessible (e.g., in neonates; Grunau & Craig, 1987) or unreliable (e.g., in dementia patients; Kunz & Lautenbacher, 2016) . Besides, it has been shown that observers' understanding of presence or absence of medical evidence may influence their judgement about the level of expressed pain in the face of a patient. Negative evaluation of a patient in absence of medical explanation may explain lower pain ratings those patients receive from caregivers (De Ruddere, Goubert, Stevens, de C. Williams, & Crombez, 2013) . Medical evidence provides a justification for the pain in the expression of a patient and makes it believable by the observer. However, pain expression in the absence of evidence might present patients untrustworthy and make them dislikeable which in turn may influence their empathy and tendency to care.
A number of contextual factors and characteristics of the observer (e.g., pain-related catastrophizing; Khatibi, Schrooten, Vancleef, & Vlaeyen, 2014) are among factors known to have an impact on the observer's understanding of a person's pain. An observer's affective response towards the observed person influences his/her judgement about the level of pain in a patient. De Ruddere et al. (2011) manipulated likability of patients and asked observers to estimate the pain in them. Dislikeable patients' pain was rated lower, and observers were less able to discriminate different levels of pain in dislikeable patients. Singer et al. (2006) manipulated fairness of the observed players, who were playing the prisoner's dilemma game, and showed that the observer's empathy-related brain response is higher for fair characters than unfair ones.
Pain estimation is among biases suggested to have an impact on the quality of health care. Understanding the mechanisms for these biases might help to minimize their impact and improve the healthcare quality. Evaluation of patients based on impression and justification of their pain may bias an observer's assessment and consequently may influence his empathy and care provision. The present study first investigated how perceived fairness of a person may influence an observer's estimation of the person's pain, level of empathy and tendency to help. Second, the authors explored whether observers' opinion, impression and perceived justice for the characters explain pain estimation, empathy and tendency to help.
| METHODS

| Participants
A total number of 30 participants from both genders (15 females) were recruited for this study. They saw the call for subject recruitment in social media, and after they expressed their interest, they were called by the researcher (MM). They were aged between 21 and 50 years (M = 28.7, SEM = 1.06) and had a high school diploma (10%) or a university degree (26.7% bachelors, 63.3% masters). None of the subjects had a painful experience on the day of the experiment or the day before. None of them had a history of chronic pain, reported diagnosed neurological or psychiatric disorder, or a job related to scenarios given to them in this study. None of them had followed healthcare training (Wilson, Prescott, & Becket, 2012) . They received a gift voucher in compensation for their participation. The study was approved by the ethics committee of Bilkent University.
| Material
| Scenarios
Four scenarios were developed for this study. Each scenario was a story of four employees (two women) working in the same factory. Two of these four scenarios were designed to manipulate the perceived fairness of the characters, and the other two were cover stories (an English translation of the scenarios is provided as Supporting Information Appendix S1). The first scenario was about four negative (unfair) characters' plan to steal goods from a factory where they work and their proposal to positive (fair) characters in the second scenario to cooperate with them. Characters in the second scenario were four friends who worked in the same factory and refused the proposal to steal goods (despite their financial problems). They reported the proposal to the company but were suspended promptly. At the end of the story, negative characters in the first story got caught after stealing goods from the factory and were also suspended from work. The other two scenarios were about two other groups of people in the same factory. In each of those scenarios, four other characters (two females) were introduced. People in these two scenarios did not face any challenges, and their stories were merely descriptions of their daily life not meant to elicit an emotional response towards those characters. These stories were used as cover stories and included to minimize the effect of task demands on subjects that might bias individuals' estimation of pain . Data from cover stories were used to assess the success of the manipulation (see section Manipulation check).
| KHATIBI And MAZIdI
All four scenarios were piloted in a separate sample before the main experiment. Ten individuals (five females; age: 20-42; M = 29.2, SEM = 1.30) read the scenarios. Each character's photograph was attached to the scenario. In the end, subjects saw the photograph of each character along with a pool of 16 adjectives (four positives, four negatives, eight neutral). They had to select the first four adjectives they thought were matches for the character. Each positive adjective scored positive one, and each negative adjective scored negative one. Neutral adjectives scored zero. Analysis of pilot data showed that the scenarios were able to bias a reader's impression of characters in that scenario in the predicted direction and there was no difference between scenarios and characters in this sense (Supporting Information Table S1 ).
| Facial expression
Thirty-two videos of dynamic facial expressions (1-s length) from eight individuals (four females; four levels of expression for each character: neutral, mild, moderate and strong pain expression) were selected for this study. Videos were adopted from the Montreal database of dynamic facial expressions, validated and used in previous studies Roy et al., 2007) . Photographs of neutral expression of these individuals were presented as characters of the first and the second scenarios (pre-selected: randomly assigned). Sixteen other pictures (eight women; all neutral) were selected from various sources based on their similarity to the Montreal database of dynamic facial expressions (colour, background, race) and used as the photographs of the characters in the cover stories.
| VAS
A paper form of the traditional version of VAS was used in this study. Each VAS was an ungraded line with the length of 100 mm and two anchors at two ends. Anchors changed according to the rating the subject had to do (see section Procedure). Subjects were asked to mark one point on the line which represents his/her estimation according to the question and considering the anchors. The distance between the left anchors and the marked point on the scale was measured and considered the estimation of the subject for that rating.
| Procedure
Participants were tested individually in a room dedicated to the experiment. They were informed that this is a study on the memory after observation of facial expressions. After signing the consent form, the subject was asked to sit in front of a monitor and read four scenarios. First, they read scenario number one (with negative characters), then scenario number three (cover story with neutral characters), then scenario number two (with positive characters) and at the end, scenario number four (cover story with neutral characters). Each story was presented on a separate page. Photographs of four characters (pre-randomized selection, same for all subjects) were presented along with the story, and the subject was asked to remember these individuals as the characters of the story as we will ask them related questions at the end. The subject was given enough time to read each story. After a short break (max 2 minutes), the subject was told that he/she is going to observe some videos recorded from faces of those individuals involved in the stories while they were undergoing a medical examination which could be painful or not. The subject had to observe each expression and do the rating based on the observed expression (in a Pre-randomized order). First, they were asked to rate their estimation of pain in the observed person (left anchor = no pain at all, right anchor = extremely high level of pain). At the second step, they were asked to imagine that they can intervene in the process of examination to reduce the level of pain (by giving medication) and now they have to rate the degree to which they are inclined to help that person to reduce his/her suffering (left anchor = not at all, right anchor = very much); and finally, they rated degree to which they empathized with the suffering of the person (left anchor = no empathy felt at all, right anchor = very much empathic). Empathy was defined as the degree to which the observed person's suffering make them feel uncomfortable. As rightfully mentioned by a reviewer, this definition has been widely used by studies targeted compassion (e.g., Godinho et al., 2012) , and future studies should be careful in adopting this definition. This definition was used as it was culturally relevant and understandable for a wide range of participants. Participants did not get any further information beyond this one-line explanation.
When all clips were shown, and after all pain, empathy, and tendency to help ratings, pictures of the characters of all stories (positive, negative and neutral) were presented randomly and one by one to participants to complete the following ratings. They had to rate their likability of that person on a VAS (left anchor = I don't like him/her at all; right anchor = I like him/her very much). They were also asked to rate their impression of that person on another VAS (left anchor = very negative person, right anchor = very positive person). Then, they were asked to rate to what degree they think that the fate of that person at the end of the story (being suspended from work which happened to both positive and negative characters) was justly (left anchor = not justly at all; right anchor = completely justly). Finally, for manipulation check, participants saw the photograph of each character along with a pool of 16 adjectives (four positives, four negatives, eight neutral). They had to select the first four adjectives they find matched with the character and then name the story to which the character was related.
At the end of the testing session, the participant was debriefed and informed about the real aim of the study. The total duration of study participation was on average, 1 hr per participant.
| Statistical analyses
All the analyses were run in SPSS (IBM SPSS Statistics Ver. 20). To test if manipulation could bias the observer's impression of each character first the manipulation check was analysed. We also checked if participants could correctly match characters and scenarios. In the list of adjectives given to participants at the end of the experiment, similar to the pilots, each positive adjective scored positive one, and each negative adjective scored negative one. Neutral adjectives scored zero.
For the main analysis, three independent two-way repeated-measures analysis of variances (ANOVAs) with intensity (four levels: neutral, mild, moderate, strong pain) and Characters (two levels: Positive vs. Negative) as withinsubjects factors were run for each rating: pain estimation, tendency to help and perceived empathy. The KolmogorovSmirnov test was used to test the normality of the data. In addition, where Mauchly's Test of Sphericity indicated that the assumption of sphericity had been violated, a GreenhouseGeisser correction was used. In all analyses, the α was set to 0.05. For comparisons, bilateral tests were used. For multiple comparisons, a Bonferroni correction was considered.
| RESULTS
Because of the wide range of participants' age, all the analyses run once with the inclusion of the age as the covariate. The pattern of results did not change, and accordingly, here we report the analysis without the inclusion of the age.
| Manipulation check
Participants' accuracy in matching the photograph of a character with the relevant story at the end of the experiment was 100%. It indicates that all participants clearly remembered each scenario when they were completing the ratings. Concerning the selection of four adjectives, mean scores for positive characters in the second scenario was 3.78 (SEM = 0.10). There was no significant difference between the four positive characters (ps > 0.2). Mean scores for negative characters in the first scenario were −3.81 (SEM = 0.09). There was no significant difference between the four negative characters (ps > 0.3). The mean rating for characters in cover scenarios was 0.13 (SEM = 0.10). There was no significant difference between the eight neutral characters (ps > 0.3).
| Ratings
Pain estimation ratings ( Figure 1 ) were subjected to a repeated measures ANOVA with intensity (four levels: neutral, mild, moderate, strong pain) and Characters (two levels: Positive vs. Negative) as within-subject factors. There was a significant main effect of the intensity (F(1.8,87) = 140.23; p < 0.001; n 2 p = 0.83) with pain estimation for strong pain expression (M = 61.61; SEM = 3.8) higher than estimation for moderate pain expression (M = 38.55; SEM = 3.9); higher than estimation for mild expressions (M = 22.71; SEM = 2.6), and higher than the estimation for neutral expressions (M = 5.39; SEM = 1.6). In addition, the main effect of the character was also significant (F(1,29) = 14.60; p = 0.001; n 2 p = 0.34) with estimation of pain in positive characters (M = 35.13; SEM = 2.9) significantly higher than pain ratings in negative characters' expressions (M = 29.00; SEM = 2.5). There was a trend towards significant interaction between the character and the intensity (F(2.1,87) = 193.05; p = 0.09; n 2 p = 0.08). Based on the a priori hypothesis, four planned comparisons were run to compare the estimation of pain in positive and negative characters based on each level of expression. Results revealed that for strong and moderate levels of expression, pain rating in positive characters was significantly higher than the estimation of pain in negative characters' expressions (t (29) When tendency to help ratings ( Figure 2) were included as the dependent variable into the model with the intensity and character as within-subjects factors, there was a significant main effect of intensity (F(1.6,87) = 55.71; p < 0.001; n 2 p = 0.66) with higher ratings for strong pain expressions The interaction between the intensity and the character was significant (F(1.8,87) = 3.4; p = 0.04; n 2 p = 0.10). Planned comparisons revealed that for all four levels of pain intensity, observer showed more tendency to help the positive characters than the negative characters (t(29) s > 2.67, ps < 0.05; Cohen's d > 0.59 for neutral and mild expressions; t(29)s > 3.80, ps < 0.01 Cohen's d = 0.65 for moderate and strong expressions). Effect sizes help us to understand the interaction between intensity and character and suggest that compared to neutral and mild expressions observers had more tendency to help positive characters than negative characters for strong and moderate expressions.
Next, perceived empathy ratings ( Figure 3) were included as the dependent variable with the intensity and character as within-subject factors. There was a significant main effect of intensity (F(1.4,87) = 44.56; p < 0.001; n 2 p = 0.61) with ratings for strong pain (M = 46.40; SEM = 4.3) higher than moderate pain (M = 32.63; SEM = 4.3), higher than mild pain (M = 22.66; SEM = 3.5) and higher than neutral (M = 11.57; SEM = 2.8). There was a significant main effect of character (F(1,29) = 16.99; p < 0.001; n 2 p = 0.37) with subjects showing more empathy for positive characters (M = 37.07; SEM = 4.3) than negative characters (M = 19.52; SEM = 3.4). There was a significant interaction between the intensity and the character (F(2.0,87) = 5.39; p = 0.007; n 2 p = 0.16). Planned comparisons revealed that for all four levels of pain intensity, observer showed more tendency to empathize with positive characters than the negative characters (t(29)s > 3.02, ps < 0.01, Cohen's d > 0.61).
| Regression analyses
Results of primary analyses revealed that perceived fairness of a person in pain influenced observers' estimation of the intensity of pain in that person's face. It also affects observers' perceived empathy towards the person in pain and also their tendency to help the person in pain. However, these results did not tell us about the factors that may influence pain ratings, perceived empathy and tendency to help towards positive and negative characters. Next, we wanted to see if observers' impression of characters, likability of characters and observers' perceived justice for the characters (story endings) may influence the observers' pain ratings, perceived empathy and tendency to help. Observers' perceived impression of characters, characters' likability and their perception of justice for characters in stories were rated at the end of the experiment. Mean score for each rating and each type of character (Positive vs. Negative) was calculated. These mean scores were included as predictors and pain estimations, perceived empathy and tendency to help for the highest level of pain expression as criterion variables (in separate models for positive and negative characters; three regressions per type of character).
Results (see Table 1 for an overview) indicated that for the highest level of pain expression in positive characters and,respectively, for pain estimation, tendency to help and perceived empathy, three predictors explained 44%, 46% and 34% of the variance (R 2 s = 0. 44, 0.46, 0.34, Fs(3, 29) = 8.66, 9.34, 5.93 , ps < 0.01). Observers' perception of justly ending of the story was the best predictor of their pain estimation (β = −0.41, p = 0.04), tendency to help (β = −0.49, p = 0.01), and perceived empathy (β = −0.40, p = 0.07) for strongest pain expressions. Negative beta values mean when the observer finds the end of the story less justly, there is an increase in pain estimation, the tendency to help, and perceived empathy. For the highest level of pain expression in negative characters, for pain estimation, tendency to help and perceived empathy, three predictors explained 20%, 19% and 19% of the variance (R 2 s = 0. 20, 0.19, 0.19, Fs(3, 29) = 3.41, 3.11, 3.75 , ps < 0.05). Perceived justly ending of the story, for them was the best predictor of the estimated level of pain in the observed person (β = 0.50, p = 0.01). The positive beta value indicates that the more the observers understood the punishment of the negative character justly, the higher they rated the pain of that character. Also, for the expression of the tendency to help, both perceived justly ending of the story and observed characters' likability had a significant contribution to the prediction of observers' tendency to help the person in pain (βs = 0.40, 0.46, ps < 0.05, respectively). The positive beta value indicates that the more observers understood the punishment of the negative character justly and the more they liked the person in pain, the more they tended to help that person. Regarding the perceived empathy, expressed likability of negative characters was the best predictor of observers' perceived empathy towards the observed person (β = 0.51, p = 0.03). The positive beta value indicates that the more the observer liked the person in pain, the more they empathized with the pain of that person.
| DISCUSSION
A number of factors might influence an observer's estimation of pain in the facial expression of another person. Here we tested how observers' estimation of pain, tendency to help, and perceived empathy differs for the observation of different levels of pain in faces of positive and negative individuals. For the highest and moderate levels of pain expressed in facial expressions, observers rated the observed pain in positive characters' facial expressions significantly higher than negative characters' pain. Higher levels of pain expressions were associated with a higher tendency to help, especially in positive characters. In line with other findings, observers felt more empathy towards positive characters as compared to negative characters and this was true for all levels of pain expressions. Additional analyses showed that for strong pain expression in both positive and negative characters, perceived injustice was the best predictor of the pain estimation. For positive characters, perceived injustice was also the best predictor of the tendency to help and perceived empathy. For negative characters, dislikability was the best predictor of the tendency to help and perceived empathy.
Empathy is a complex phenomenon. It involves cognitive processes that allow a person to understand another person's emotional status (Decety & Jackson, 2004) . In the context of pain, it may facilitate transaction of information about existence of an imminent threat which may need immediate attention of beholder to increase his/her chances of survival (Khatibi et al., 2015) or it can trigger caring responses from the observer to reduce the suffering of the person in pain (Williams, 2002) . Economical behavioural models assume that observers' evaluation of available resources and anticipated benefits may explain their response to the pain in the observed person (Williams, 2002) . However, cognitive models see the contextual determinants of behaviour in response to another person's pain as a more complicated phenomenon. Some previous studies emphasized the relationship between the person in pain and the observer (Wu et al., 2017) . These studies assume that pain in relevant people may attract the attention of the observer faster than the pain in none-relevant people which in turn result in lower empathy towards none-relevant people (Vervoort, Caes, Trost, Notebaert, & Goubert, 2012) . Other studies emphasized the role of training and prior experience suggesting that in situations like the patient-caregiver interaction, assessment of a patient's level of pain is highly dependent on the caregiver level of expertise which indeed influences the outcome of pain management efforts (McCaffrey & Ferrell, 1997; Puntillo, Neighbor, O'Neil, & Nixon, 2003) . Other studies put forward an assumption about the importance of perceived social distance between the patient and the observer and suggested that perceived differences may bias pain estimation in an observer (Hoffman, Trawalter, Axt, & Oliver, 2016) . Findings of this study can be seen as another piece of the puzzle. Stronger pain expression can be a signal of higher distress in the person in pain. We showed that an increase in pain estimation was associated with an increase in observers' tendency to help and increase in their perceived empathy. In addition, people tend to empathize more with positive characters than negative characters. In addition, different factors may influence an observer's perceived empathy towards a positive person or a person who can be considered negative.
Several studies emphasized the interaction between perceived fairness and social distance (O'Connell, Christakou, Haffey, & Chakrabarti, 2013) . Brain imaging studies revealed that empathic neural responses are modulated by perceived fairness of the observed person (Singer et al., 2006) . They also suggest that the expressed desire for revenge in men was associated with activation in brain areas responsible for the processing of reward following the observation of pain in unfair characters. These studies suggested that unfair individuals are identified as socially distant, and thus, observation of pain in their facial expressions elicited lower responses in the observer which in turn will result in a lower level of empathy. Lower empathy towards a person reduces the tendency for the provision of care for that person when it is required. Findings of the current study are in line with these assumptions. Negative (unfair) characters perceived to be more dislikeable by the observer. When the observed person was considered as a negative character, their likability influenced the observer's perceived empathy and the tendency for the provision of care. Future studies may benefit from the inclusion of a measure of desire for revenge and testing its relationship with measures of empathy.
Perceived injustice towards others has received minor attention in the field of empathy. Seeing other people being treated unfairly influences the observer's emotion towards that person (Cremer & Hiel, 2006; Spencer & Rupp, 2009) . Previous studies showed that seeing the interaction between fair-unfair bodies modulated an observer's social preference (Alexopoulos, Pfabigan, Göschl, Bauer, & Fischmeister, 2013) and from the literature of research on human empathy we know that the social preference influences perceived empathy towards a specific group of individuals. In the current study, we showed that perceived unfair treatment of positive characters increased observers' estimation of pain in their facial expression and increased observers' tendency for the provision of care. For negative characters, perceived justice for them predicted observers' estimation of pain in their expression and tendency to help, but it could not predict observers' perceived empathy towards negative characters. Unfair treatment of positive individuals is a good example of a situation that can call more empathy from an observer. For negative characters, fair treatment could not increase or decrease an observer's perceived empathy. Increased empathy towards positive characters can result in elevated pain estimation and an increased tendency to help. For negative characters, a decrease in the estimation of their pain might be the result of the observer's understanding of social compensatory mechanisms and the fact that pain can be seen as a punishment (although it is not the immediate outcome of their action).
This study has some limitations that may need particular attention to improve the design of future studies. It is not unexpected that in spite of our effort to cover the aim of the study, participants could be aware of it and bias their responses accordingly. We tried to minimize this effect by having all manipulation checks, assessment of likability, impression and perceived justice after all pain-related evaluations. Besides, the order of presentation of scenarios and VASs was the same for all subjects (not counterbalanced). One might assume that this order could affect the responses from observers. No previous study has tested this, and our data also did not allow testing this effect, but it is something that must be taken into account in designing future studies. In addition, the sample for the current study was not diverse, and the size was not big to create sub-groups based on individuals' characteristics. Future studies may benefit from testing bigger samples and a more visualized presentation of scenarios that might enable cross-cultural studies. Also, the database from which we collected painful facial expressions had only ten characters, and we chose eight of them to be the characters of two main scenarios (positive and negative characters). Accordingly, it was not possible to examine pain estimation, tendency to help and perceived empathy for characters of the cover stories. Besides, participants in this study did not have any experience of work in healthcare settings. With the sample of the current study, it is difficult to generalize findings to the healthcare setting. Healthcare providers receive training to minimize biases in their pain assessment. However, previous studies showed that despite the training there is still bias in pain treatment and empathy (like a racial bias: Kaseweter, Drwecki, & Prkachin, 2012) . Similar studies in healthcare settings with individuals who have the experience of working in a clinical setting may help us to more directly assess the source of bias in pain estimation and care provision. Future studies may also add measures of subjective empathic state to investigate the relationship between them and perceived empathy and tendency to help.
Notwithstanding the limitations, this work has a unique contribution to the work on empathy in the context of healthcare provision. Some previous studies investigated the effect of patient's characteristics on the observer's estimation of pain (Shavit et al., 2018 ), but we need to examine the underlying mechanisms to understand null results and find their relation to other studies. This is especially important when health care is provided in settings such as prisons where judgements and labelling of patients might be considered as a source of bias (Hill, 2010) . In addition, this study was one of the rare studies in the literature which used dynamic facial expressions with different levels of expression in the context of the assessment of interpretation. Dynamic expressions are much closer to real-life situations than still images showing expression at its highest intensity, and this may increase the ecological validity of this study in comparison with similar studies.
